Abstract: This paper is directed towards PVA monofilament with good mechanical properties and super denier, which was produced with the gel spinning technique, first used by K. YAMAURA, used to strengthen the concrete. The structure and properties of PVA fiber were affected especially by extraction conditions, including the temperature, the solvent content and the duration of the extraction, all of which were studied and the optimum parameters were selected.
Introduction
As a brittle material, concrete has high compressive strength but low tensile strength. With the development of modern architectural technology, more and more specialized working performances of concrete are required to meet the needs, such as high strength, high toughness, high crack resistance, high durability, high volume stability and so on [1] [2] [3] . Synthetic fibers were often added into concrete matrix as a kind of reinforcement, Not only to improve the concrete's properties, but also to extend its using period. All of the above is the main trend for the research of high performance concrete.
PVA fiber is a low-cost fiber with good alkali stability and excellent adhesiveness. Many domestic and foreign reports claimed that using gel-spinning technique we can obtain high strength and high modulus fiber, whose strength and modulus are 14.1~38.7cN/dtex and 317~915cN/dtex respectively. In China, the researches on high molecular weight PVA have been carried out for years. PVA fiber's high strength and high modulus endow itself with wide applications, even the heavy denier PVA fiber being used as a replacement of the steel fiber in the gunite concrete [4] [5] [6] . Conclusively, the exploration of high strength, high modulus and heavy denier PVA fiber is significant [7, 8] .
We have done several studies on the process of high performance and heavy denier PVA fiber, with the conclusion that the extraction to the fiber is a very important process, compared with other processes. The purpose of extraction is that low boiling point extraction replaces PVA gel-spinning solvent which gets a high boiling point. Meanwhile, the whole process is propitious to energy conservation; effective stretching, also has an impact on after-treatment and mechanical properties of fiber, especially for heavy denier fiber. Complete solvent extraction becomes difficult because of heavy denier fiber's larger diameter. Experiment show that appropriate extraction technique can significantly improve the effective stretching of gel-spun fiber, thereby enhancing its strength and modulus. In this paper, the structure and properties of fibers have been tested to investigate the influence from the extraction and the drying process.
Results and discussion

Impact of solvent content on fiber's structure and properties
Through controlling the conditions of extraction, we obtained series of gel-fibers with different solvent contents. The mechanical properties of these fibers, which were taken to thermal stretch under the same condition, were shown in Fig. 1 . and Fig. 2 below. The results indicates that, as the solvent content of none-stretching gel-fibers increases, the stretched fiber's strength and modulus reduce, however, the elongation rate increases. Fig. 3 shows that the stretching fiber's orientation of macromolecules declines while the solvent content of none-stretching xerogel fiber increases. The gel-spinning newborn fiber is a frozen colloid (gel) in a high degree of swelling, and high boiling point solvent drives PVA chains into solvation, which reduces the secondary valent bonding force and entanglement density between the molecule chains, and reduces relaxation activation energy of macromolecular chain. It's probably because of the residual solvent shielding the macromolecular chain force, influencing the molecular orientation and crystallization. For similar reason, the strength and modulus were reduced. However, it's difficult to remove the high-boiling point solvent, which, advisably, must be removed by extraction during the process of stretching or before; especially for heavy denier fiber, whose diffusion of solvent residues greatly impact the performance of fiber. 
Impact of extraction condition on the solvent content -Impact of extractant on the extraction
Removing the high-boiling point solvent from the gel fiber becomes the main purpose of extraction, whose effect is represented with the residual solvent content in the gel fiber after extraction. In this process, extractant moves into the macromolecular chain network of the gel fiber which is in high swelling, competing with solvent for network space (room), inhibiting salvation. Meanwhile, solvent molecules spread out from the chain network, into the extractant. Solvent extraction and the compatibility between solvent and PVA play important roles in determining the equilibrium point of extraction in this process.
In this experiment, fibers which were extracted by methanol, ethanol, and the mixture of acetone and water in a certain proportion respectively, were then dried at 100 0 C for 2 hours, by TGA, taking the weightloss at 225 0 C platform as the weight of solvent in extracted fibers. The results are shown in Fig. 4 . The solvent content in the fibers extracted by methanol is less than the one of ethanol, but more than the one of acetone. However, because of acetone's volatilization and methanol's toxicity, ethanol is widely used in practical preparation. Fig. 5 shows that, after 5 hours' extraction, the solvent content has reduced to a balance. Taking into account of production process and cost, the extraction often lasts for about 5 hours. During extraction, the higher temperature is, the faster the rate of extraction. However, in practical production, the extraction is carried out at room temperature instead, because high temperature cause the solvent volatilization, which wastes solvent and working environment becomes poor. The result is shown in Fig. 5 , using ethanol as an extractant. The ultrasonic machine was used to accelerate extraction, and the result is shown in Fig.  6 . 
Impact of Extraction
Heavy denier fiber whose residual solvent cannot be removed easily to meet the requirement, is always extracted several times. The newborn fiber was extracted in ultrasonic machine for 5 minutes, pre-stretched at a ratio of 2 times. Extracted for 5 minutes again, the fiber was taken to the second stretching at a ratio of 5 times, extracted for 5 minutes and stretched at a ratio of 1.6 times. The total stretching ratio is about 16 times and residual solvent content about 4%. 
Conclusions
In order to improve heavy denier PVA fiber's efficient thermal stretching and its strength and modulus, various methods to remove the solvent must be adopted. To reduce residual solvent, series of ultrasonic extraction in ethanol at room temperature must be taken, and then stretched for several times. This may be the most suitable condition.
Experimental
Materials
PVA-1799, Shanghai Jinshan Petrochemical LTD., Spinning class, degree of polymerization of 1750, alcoholysis degree to 99%, dimethyl sulfoxide (DMSO) (AR), Shanghai Philippines LTD. Irganox 1010, was bought from Market.
Preparation of spinning solution
According to a certain proportion, PVA slice, DMSO, water and Irganox 1010 were mixed and put into the dissolution kettle. The mixture was heated to 60 0 C, for 2 hours, and then was stirred for 4 hours, at 90 0 C, for solution. After that, the mixture turned to transparent and colourless solution, which was reserved after filtration.
Gel-spinning
After deaeration, the spinning solution was immitted into the spinning machine, measured and pumped by the metering pump, while the temperature was kept at 90±2 0 C. The spinneret, with orifice of 6 mm diameter, was maintained 0.5 cm away from the methanol coagulation bath, which is at 20 0 C, while the winding velocity was at 20 m/min. Fibers was extracted under various extraction conditions to investigate its impact to the next process and mechanical properties of the fiber.
Test
-Solvent content by Mass Method
The gel-spun fiber, which had been extracted under different condition parameters, was put into hot wind oven at 100 0 C for 2 hours, then we got its weight W 1 . After complete extraction, we repeated the process above to obtain the fiber's weight W 2 . According to the formula below, we got the solvent content (C%) in gel-spun fiber before complete extraction.
We used Perkin-Elmer TGA 7 to determine the TGA curve of the gel-spun fiber after extraction and drying, and the rate of temperature rise was 20 0 C/min. 10 mg of the sample was placed in the stove under nitrogen at a speed of 50 mL/min.
-Mechanical properties test
Through weighing method, we obtained the fiber diameter measurement; DXLL-2000 Universal Testing Machine was used to test its fracture intensity (tensile strength). 
